Abstract-In the year 2000, the Swedish Telecom regulator "Post&Telestyrelsen" (PTS) granted in a "beauty contest" four licenses for operation of 3G mobile networks. Through this process, the licensees committed themselves to cover 8.860.000 inhabitants of the Swedish population. In order to verify the coverage and confirm compliance with the license requirements, PTS, developed a test procedure in close collaboration with the licensees.
INTRODUCTION
In the year 2000, the Swedish Telecom regulator Post & Telestyrelsen (PTS) granted four licenses for the operation of third generation mobile phone systems in Sweden through a beauty contest process. In acquiring the licenses, the licensees committed themselves to build networks that covered a population of 8.860.000 inhabitants. This requirement implied that each operator would cover 99.98% of the Swedish population as counted vhen the licenses were given (and approximately 97 % of the population of today). However, in order to support the roll out, the regulator allowed the operators to build their networks in a combination of self owned sites in the major cities (30% of population) and shared sites in the countryside (70%) [1] .
Although the roll-out of these 3G networks was delayed several times and the coverage requirements somewhat modified, all operators reported in 2007 that they now comply with the coverage requirements. In comparison with other countries, Sweden is unique in that more than 98% of the population and 48% of the of the national territory (170.000 km 2 ) has 3G coverage [2] What are then the reasons behind this successful licensing effort? In contrast to many other European 3G licenses, the original Swedish definition of coverage specified a particular field strength measured outdoors on the primary common pilot channel, CPICH, that, supposedly, is related to a particular data service (rate) indoors.
When the license requirements were elaborated PTS had a view that the future 3G-networks must support substantial higher performance than existing 2G networks. Thus, in the original license requirement the operators where obliged to provide a signal strength that corresponded to a downlink data rate services of 384 kbps and an uplink service of 144kbps, in doors. These requirements were then translated into a field strength for the signal received from the base station. The original coverage requirement was the following: When measured outdoors at a height of 1.7m above ground over 5MHz, the field strength on the CPICH should be at least 58 dBμV/m with an area probability of 95% [1] .
To verify coverage PTS needed to develop a practical test procedure for measuring field strength, e.g. in a drive test [3] . However, designing such test presents a number of challenges:
-
The requirement is given for a particular field strength measured on the common pilot channel, CPICH. However, the power to be allocated to the CPICH is not given by the regulator nor by base station manufacturer. In theory it is also possible to allocate anything between 0% and 100% of the available power to the CPICH. In practice the allocated power is almost always around 10% of the radio channel power [5] ; -The license is given for covered area while a drive test only measures along a linear route. In order to convert measurement data from drive testing to a probability of coverage for a given area, one needs a statistical model based on population density and geography; -There is no given relation between pilot power and services. The original license requirements set by PTS [1] assumed that a signal strength of 58dBμV/m on the primary CPICH outdoors relates, in practise, to a downlink service of 384 kbps and an uplink service of 144kbps, indoors. However, building penetration path loss varies in different environment. Hence, field strength requirement should vary accordingly.
In order to solve these and other outstanding issues, PTS put together a working group with representatives from the licensees, the regulator and academia. The task of the working group was to come up with a test method and instrumentation that would be fair and acceptable to all parties.
The design of the actual measurement method is previously described in references [3] [4] [5] and will be only briefly described here. In this report we instead focus on the relevance of performing measurements on the CPICH, statistical handling of the data and some initial results.
II. PRIMARY COMMON PILOT CHANNEL
The Universal Mobile Telephony System (UMTS) is a 3G systems specified by the Third Generation Partnership Project organization, 3GPP [6] . It has a radio interface based on a code division multiple access scheme, cdma, and 5MHz wide radio channels. Since the radio channel is somewhat wider than previous cdma systems it is referred to as: "wideband" cdma or WCDMA.
The primary Common Pilot Channel, CPICH, is one of many codes in the WCDMA common downlink pilot channel. It is a control channel mainly used for handovers. It does not have a fixed power allocated to it so it is principle not related to any service in either the up-or down-link [6] .
A. Power allocation of CPICH
In theory it is possible to allocate anything between 0% and 100% of the available power to the CPICH. In practice the allocated power has a lower bound which can be derived as follows [7] :
In order to initiate a soft handover, a cell's pilot must be detected when an adjacent cell's pilot is 5 dB stronger. The required E b /N 0 on the primary CPICH on the downlink is approximately 10 dB [8] . The processing gain on the pilot is 10*log(3840/12.2) = 25 dB which means the minimum output power for the pilot is approximately: 5 + 10 -25= -10dB (10%) compared to the output power of the cells.
The operator can choose a higher value than 10% of the total power for the pilot. An increase in pilot power would also affect the license requirement in direct proportion. However, it is in the interest of the operators not to increase the pilot power unnecessarily since raising the pilot power will mean that less power is available for services and that the interference level is increased. Allocating between 5% and 20% of the available power in the radio channel is also often suggested in industry literature [7] .
B. Relationship between pilot power and services
As described above, there is no given relation between pilot power and services. Still, in the license requirements set by PTS [1] it is assumed that a signal strength of 58dBμV/m measured on the primary CPICH outdoors relates to a downlink service of 384 kbps and an uplink service of 144kbps, indoors.
In order to investigate whether or not these assumptions are true in all kinds of radio environments, Canaima Communications conducted an investigation on behalf of PTS [7] . Assuming that 10% of the available power is allocated to the primary CPICH and that building penetration path loss varies in different environments, it is now possible to estimate the pilot power needed to provide the above described services in different environments. The building penetration path loss was assumed to vary as: A first problem to resolve is to determine whether it is the up-or the down-link that sets the limit for the service? The results from [7] are summarized in Table I . In all environments studied it is the up-link that limits the service performance. However, the license requirement of 58dBmV/m seems to be set approximately 7dB too low in dense urban environments and ~8dB too strict in rural environments, assuming that the operators are using Tower Mounted Amplifiers, TMA, and that 10% of the available radio power has been allocated to the pilot channel. The conclusion from [7] made PTS change their CPICH field strength requirement retroactively. The result is given in Table II and is the basis for the current license requirements and the definition of coverage as verified in this report.
III. STATISTICAL MODEL
The purpose of the test method is to establish whether or not an operator has fulfilled the coverage requirements set out in the license [3] . The method must ensure that the license requirement is fulfilled with sufficient statistical significance and that the sampled data is uncorrelated.
The method chosen to ensure that the data is uncorrelated is to make sure it is received over a large enough geographical area. This is done by dividing the geographical area to be verified for 3G coverage into "test squares". If 95% of the tested squares have a sampled field strength exceeding the one set out in the license requirement, the area is considered to be covered.
A. Test squares
The size of the test squares is dependent on the environment and population (Table II and Figure 1) . The denser the population the smaller the size. In the evaluation only one sample for each test square is used. For practical reasons the measurements are conducted in a drive test using a car. Hence the sampling rate is dependent on the speed of the car and the size of the test squares. Each tested square is allocated the value of "1" if the license requirement is fulfilled and "0" if not. At least 500 test squares are measured in order to assume that the number of "1" are binomially distributed (n; p) where p >= 0.95 in the event that the license requirements are fulfilled. 
IV. PRELIMINARY RESULTS
In 2007 all licensees reported that they have now fulfilled the modified coverage requirements [2] . In order to verify these claims PTS subsequently conducted some initial and preliminary tests.
A. Test case Fagersta: suburban environmnent
The first test case was conducted in a typical Swedish suburban environment in an area of the city of Fagersta. In total 535 test squares were measured and in order to pass the test not more than 39 were allowed to fail for the operator to be deemed in compliance with the license requirement.
As shown in Table IV , the result from the operator presented here passes the test easily. Even if the CPICH field strength requirement would be increased to 53dBμV/m would the operator still pass the test indicating that the planning is fairly robust against fading. 
B. Test case Sundbyberg: urban environment
The second test was conducted in a typical Swedish urban environment in the city of Sundbyberg some 10km north of Stockholm. In total 602 test squares were measured and in order to pass the test not more than 43 could fail for the operator to comply with the license requirement. In this environment the required field strength on the CPICH is 58dBμV/m. As is evident from Table V, the coverage planning is even more robust and the field strength on the CPICH higher in urban areas. Even if the requirement is increased with 6dB the result for the examined operator is still clearly above the limit of 95% area coverage V. . DISCUSSIONS AND CONCLUSIONS In the beginning of this century 3G was introduced and most countries in the western world allocated spectrum for this technology through some kind of procedure. In Europe, the prevailing approach was to allocate spectrum through auctions, a process which led to devastating consequences in which operators found themselves committed to paying a staggering 130Bilion Euros for these licenses. Seven years later, many markets are still suffering the consequences of these events in the form of limited coverage and low penetration of 3G -based services throughout much of Europe
In Sweden the 3G licenses were awarded after a beauty contest, in which the winners committed themselves to cover a population of 8.886.000 which at the time corresponded to 99.98% of the country's population. Although the requirements were later substantially eased, it remains true that no other country in the world approaches the standards Sweden has set for 3G coverage and service deployment [2] .
An important factor may have been that the license requirements in Sweden were concrete and measurable. The fact that PTS developed a method to verify the implementation that was accepted by all licensees in combination with equipment for practical tests, we believe has been another factor that facilitated the roll-out, as ambiguity concerning how to interpret vague service requirements was minimized and the ability for PTS verify the requirements real. ACKNOWLEDGMENT The Authors would like to thank the participants of the 3G test method working group who all contributed in the development of the test. We would also like to acknowledge constructive comments on the manuscript by Mr. Gregory Smith.
